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Abstract
Objectives—To identify geriatric obesity interventions that can guide clinical recommendations.
Design—Systematic review using Medline (PubMed), Cochrane Central Register of Controlled 
Trials, Web of Science, CINAHL, EMBASE (Ovid), and PsycINFO (Proquest) from January 1, 
2005, to October 12, 2015, to identify English-language randomized controlled trials.
Participants—Individuals aged 60 and older (mean age ≥65) and classified as having obesity 
(body mass index ≥30 kg/m2).
Interventions—Behavioral weight loss interventions not involving pharmacological or 
procedural therapies lasting 6 months or longer.
Measurements—Two investigators performed the systematic review using the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses criteria and achieved a high 
concordance rate (97.3%) in summarizing the primary outcomes. The three primary outcomes 
were weight loss, physical performance, and quality of life.
Results—Of 5,741 citations, 19 were included. (Six studies were unique, and the remaining 13 
were based on the same study population.) Duration ranged from 6 to 18 months (n=405 
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participants, age range 66.7–71.1). Weight loss in the intervention groups ranged from 0.5 to 10.7 
kg (0.1–9.3%). Five studies had a resistance exercise program accompanying a dietary component. 
Greater weight loss was observed in groups with a dietary component than those with exercise 
alone. Exercise alone led to better physical function but no significant weight loss. Combined 
dietary and exercise components led to the greatest improvement in physical performance 
measures and quality of life and mitigated reductions in muscle and bone mass observed in diet-
only study arms. Heterogeneous outcomes were observed, which limited the ability to synthesize 
the data quantitatively.
Conclusions—The evidence supporting geriatric obesity interventions to improve physical 
function and quality of life is of low to moderate quality. Well-designed trials are needed in this 
population.
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The epidemic of obesity, defined as a body mass index (BMI) of 30.0 kg/m2 or greater, is a 
public health concern for the rapidly growing segment of Americans aged 65 and older. 
Based on epidemiological surveys, approximately 30% of the population aged 65 and older 
is overweight (BMI 25.0–29.9 kg/m2), and 35.4% are obese1. Obesity is associated with 
illness and disease2, premature mortality3, impaired function4, and poor quality of life5. 
These poor health outcomes affect not only individuals’ lives, but also overall healthcare 
expenditures6. The American Society of Nutrition and the Obesity Society suggest that 
providers recommend weight loss to older adults (aged ≥65) with obesity who have 
functional impairments or metabolic complications7.
Preventing chronic disease, reducing the risk of cardiometabolic conditions, and achieving 
clinically significant weight loss are well-established population health objectives, but 
lifestyle-focused treatments are only moderately effective, result in modest weight loss, and 
are not usually customized for older adults8. Weight loss–induced sarcopenia and bone loss9 
and changes in body composition that occur during the aging process10 are important to 
consider when addressing obesity in older adults to prevent accelerated disability11. Because 
weight loss alone is an inadequate target for geriatric obesity interventions, it is crucial to 
consider other outcomes, including mobility, quality of life, and physical function, when 
evaluating the effectiveness of lifestyle interventions.
Primary care is the cornerstone of chronic disease management; changes in the way obesity 
is treated in older adults must occur in this setting. In November 2011, the Centers for 
Medicare and Medicaid Services released a reimbursement mechanism focusing on intensive 
behavioral therapy to address obesity in Medicare beneficiaries. Although it provides a 
mechanism to encourage clinicians to address this condition, it has been highly underused12. 
Furthermore, this reimbursement strategy is not structured to address the specific features of 
geriatric obesity13. Although it supports frequent follow-up, it is based upon data largely 
collected from younger adults. Clinicians often are reluctant to recommend geriatric obesity 
interventions because the results of earlier observational studies were conflicting as to the 
effect of weight loss on mortality.14 A recent review based on randomized clinical trials 
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demonstrated a 15% reduction in death from weight loss15, and in select individuals, 
intentional weight loss may have the potential to improve function and decrease morbidity.
The purpose of this review was to provide an updated evaluation of randomized controlled 
trials (RCTs) of geriatric obesity interventions in the context of this newly formulated 
benefit. This review focuses not only on weight loss as a primary outcome of behavioral 
(nonpharmacological, nonprocedural) interventions, but also on other geriatric-specific 
outcomes, including physical function, functional status, and quality of life, in older adults 
with obesity.
METHODS
A literature search was performed according to Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines for reporting systematic reviews and 
metaanalyses.
Study Protocol
All English-language studies since January 1, 2005, were reviewed because previous reviews 
had systematically and comprehensively examined the obesity literature before this date. 
The search was performed on June 12, 2015, and updated on October 12, 2015, and April 5, 
2016. The results of the combined search review are presented below. The electronic 
databases Medline (PubMed), Cochrane Central Register of Controlled Trials, Web of 
Science, CINAHL, EMBASE (Ovid), and PsycINFO (Proquest) were searched with the 
assistance of reference librarians (HBB, PJB). Index terms, text words, and concepts for 
older adults, obesity, and interventions were captured. Full details of the search and 
methodologies are available upon request. No search limits were applied, allowing all 
potentially relevant articles to be captured. Bibliographies of eligible articles and systematic 
reviews were searched manually for additional citations.
Selection Criteria
Records were reviewed using the following inclusion criteria: human subjects; English 
language; peer-reviewed journal article; behavioral weight loss intervention, defined as any 
weight loss intervention not involving pharmacological or procedural therapies (endoscopic 
treatments or bariatric surgery); all subjects aged 60 and older and mean study age per group 
65 and older; RCTs; group mean BMI of 30.0 kg/m2 or greater or waist circumference (WC) 
88 cm or greater in woman and 102 cm or greater in men16; and intervention duration of 6 
months or longer. Conference abstracts, editorials, commentaries, correspondence, case 
reports, case series, literature reviews, and trials comparing surgical procedures or 
pharmaceutical weight loss therapies were excluded. Studies primarily assessing weight 
maintenance were excluded. Bibliographies of known systematic reviews were evaluated to 
identify additional studies that were not captured during screening review2, 17–23. Studies 
were initially included during first-level screening if titles or abstracts used the term 
“overweight” and did not list a mean BMI less than 30.0 kg/m2 to include studies in which 
the term “overweight” was used to refer to obese subjects (BMI ≥30.0 kg/m2). Studies were 
excluded on second-level screening if subjects did not meet the prespecified BMI or WC 
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criteria and according to the above-noted exclusion criteria in a hierarchal manner. All non-
English-language studies were excluded.
Methodological Quality Review
Before the full review was conducted, two investigators (RKM, LEG) performed a test 
review for quality assurance. They manually reviewed 150 records that were generated in a 
preliminary search; screening included title and abstract review only. Of the 150 records, the 
investigators disagreed on four (2.7% discordance rate), at which point a third investigator 
adjudicated for consensus (JAB).
The quality of included trials was independently rated using the Cochrane Collaboration’s 
tool for assessing the risk of bias, focusing on the following criteria: sequence generation; 
allocation concealment; blinding of participants, personnel, and outcome assessors; 
incomplete outcome data; selective outcome reporting; and other sources of bias. Two 
reviewers (RKM, LEG) working independently classified each trial as being of high, low, or 
unclear quality for each criterion, with adequate reliability to determine these elements. A 
third investigator (JAB) adjudicated for consensus.
Data Extraction
Five thousand seven hundred forty-one citations were identified in the initial search and 
imported into EndNote X7 software (Thomson Reuters, New York). Two investigators 
(RKM, LEG) manually reviewed record titles and abstracts using broad inclusion and 
exclusion criteria. Two levels of study screening were performed for study selection; first-
level screening included title and abstract review, and second-level screening involved full-
text article review. A third investigator (JAB) reconciled discrepancies between selected 
records before full-text review. Selected studies (n=395) were subject to full-text review and 
screened using the exclusion criteria hierarchy.
After full review, studies were separated based on the source study population. The parent 
study was defined as the original randomized trial, and kin studies were those based on the 
same study population.
Study-Level Outcomes
The primary outcome measures were weight loss and any measure of physical performance 
or quality of life. Physical function was broadly defined according to 6-minute walk test 
(6MWT), peak oxygen uptake (VO2peak), measures of muscle strength, or physical 
performance test (PPT). Each included study contained at least one of the aforementioned 
outcomes. Secondary self-reported or objective outcome measures that were considered 
included body composition, insulin resistance, bone mineral density, and cognitive function. 
Studies were not required to have an aforementioned geriatric-specific outcome. A 
standardized data collection form was used. The study site, participant characteristics (age, 
sex, BMI/WC), intervention groups and their descriptions, intervention duration, length of 
follow up, and main outcome measures were abstracted. Metaanalysis was considered, but 
the data were found to be too methodologically heterogeneous to perform such an analysis.
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Of the 5,741 citations, 395 underwent full-text review. A flow diagram that outlines the 
systematic review process is provided in Figure 1. After the full inclusion and exclusion 
criteria were applied, bibliographies of existing systematic reviews reviewed, and 
adjudicated accordingly, 19 articles remained. The most common reasons for exclusion of 
articles were not English language, article type (abstract, review), treatment type (surgical, 
pharmacological), age younger than 60, not a RCT, BMI less than 30.0 kg/m2 (WC <88 cm 
in women, <102 cm in men), duration less than 6 months, or weight maintenance study. The 
results of the methodological assessment are presented in Table 1. Of the 19 final selected 
articles, six were parent studies (Tables 2 and 3, Supplemental Appendix 1), and 13 were kin 
studies (Supplemental Appendix 2). Decisions were deliberately made about the 
relationships between publications to maximize high-quality information without counting 
participants twice. In Table 3, only the primary outcomes are presented because the baseline 
characteristics are the same as those reported in the kin studies (Table 2).
Assessment of Methodological Risk of Bias
Studies generally had negative or unclear risk of bias. The main methodological problems 
were lack of blinding of participants and healthcare providers and allocation concealment. 
All included studies except one24 reported eligibility criteria and prespecified measures for 
primary outcomes (selective outcome reporting). The overall percentage of included trials 
(range 0–100%) in which the author’s judgment of a summary assessment outcome was met 
according to the Cochrane Collaboration tool for assessing risk of bias (categories: sequence 
generation, allocation concealment, blinding, incomplete outcome data, selective outcome 
reporting or other sources of bias) is indicated in Table 1. Overall methodological quality 
was considered low to moderate.
Study Characteristics
All six of the parent studies included were based in North America. All were performed at 
single centers. All were performed in a research center—none in primary care settings. All 
studies ranged from 6 to 18 months (median 26 weeks) and were RCTs.
Participant Characteristics
There were 405 participants in the parent studies. The number of participants varied from 9 
to 44 per intervention arm. All studies but one (n=44)27 had an overall sample size of less 
than 30 subjects in each intervention arm. Recruitment methods were specified in each 
included randomized trial, and exclusion criteria were explicitly stated in each study. Mean 
age ranged from 66.7 to 71.1 in each intervention arm. All participants in intervention arms 
had obesity (mean BMI 29.2–39.0 kg/m2). One study25 had participants with a BMI less 
than 30.0 kg/m2, but subjects were classified as being obese based on WC. One study24 did 
not present mean BMI data but included subjects with a BMI of 30 kg/m2 or greater. All 
recruited subjects were community living. Loss to follow-up ranged from 0% to 13%. 
Participant baseline characteristics varied. Subjects were sedentary in one study24, frail or 
functionally impaired in four studies9, 26–28, and lacked significant comorbidity in one 
study25.
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A wide range of designs and interventions were used in the included studies. Four studies 
had two arms, one had three arms, and one had four arms. Control groups included routine 
physician care, a technology device, no exercise, or usual care (no treatment). Caloric 
reduction ranged from 500- to 1000-kcal/d deficits. Exercise arms varied in duration of 
aerobic and resistance exercises. Multidisiplinary staff were used in the included studies. 
Participants were provided with protein, calcium, and vitamin D supplements in only two 
studies9, 28. The review did not demonstrate consistency in the interventions provided to 
participants.
Effect on Outcome Measures: Weight Loss, Physical Function, Quality of Life
Weight loss was measured in each included study and ranged from 0.5 to 10.7 kg (0.1% to 
9.3%). Markedly greater weight loss was observed in groups with a dietary component than 
in those with exercise alone. Five studies used structured resistance programs to preserve 
lean mass. Dietary interventions were consistently associated with weight loss and 
improvement in function, whereas exercise-alone interventions led to better function but no 
significant weight loss. Body composition was measured in five studies using dual-energy 
X-ray absorptiometry and one study using magnetic resonance imaging. Only one study27 
reported participants with clinically significant weight loss of more than 5% (84% of 
subjects).
Physical function was measured using physical performance testing, the 6MWT, the Western 
Ontario McMaster Arthritis Index, and the Functional Status Questionnaire. A combined 
dietary and exercise intervention led to weight loss and less loss of muscle mass, with 
concomitant improvement in physical function. All studies other than two26,27 assessed 
VO2peak. One study26 did not report physical function outcomes. Two studies9, 29 used the 
Medical Outcomes Study 36-item Short-Form Survey to assess self-reported health or 
quality of life. In both studies, the combined diet and exercise groups had marked 
improvement in their self-reported health scores.
Other Findings
Exercise alone led to greater fat-free mass, and diet alone led to lower fat mass and greater 
loss of fat-free mass. A combination of diet and exercise resulted in a relative preservation of 
fat-free mass. Diet alone led to reductions in bone mineral density, which exercise partially 
mitigated. Diet and exercise led to greater improvements than control in glucose 
homeostasis, bone mineral density, cognition, and inflammatory markers. Adverse events 
were minimal (a fall, dizziness, musculoskeletal complaints) and were reported in only three 
studies.
DISCUSSION
This review provides an evaluation of the literature on geriatric obesity interventions since 
2005 using a two-tiered screening approach. Despite the importance of this public health 
concern, the number of published randomized trials is limited, highlighting a critical need to 
develop interventions to assess outcomes in this high-risk population. The geriatric obesity 
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interventions assessed generally led to weight loss and improved quality of life and physical 
function, as measured using VO2peak and muscle strength.
This review was deliberately focused on quality of life and physical function in addition to 
weight loss as important health indicators in older adults30–32. The interventions generally 
emphasized weight loss as a common approach to obesity management. Only one study 
reported the proportion of subjects with clinically significant weight loss (≥5% of body 
weight)8, used as a surrogate for success in adult guidelines. Whether this threshold should 
be considered in older adults is unclear. Objective and subjective improvements in these 
domains were observed in the majority of the studies. The data demonstrate the general 
trends in achieving these outcomes. The current findings provide additional methodological 
data suggesting the importance of focusing on variables beyond weight loss in this 
population. Outcomes in older adults, such as functional status and self-reported health, may 
be useful to enhance geriatric obesity strategies and should be incorporated into daily 
practice.
The effect on physical function independent of weight loss should not be understated. 
Evidence of this phenomenon was observed particularly in subjects engaged in combined 
diet and exercise or exercise-only (aerobic or resistance) interventions. Although weight loss 
leads to improvements in function, the results suggest that functional improvements can be 
achieved with exercise alone. Even in the study consisting of less than 5% weight loss25, 
improvements in function were observed, yet this was predominantly based on a healthy diet 
and an exercise program. Improvement of function promotes healthy aging and prevents 
ensuing disability, all of which can lead to better quality of life. Clinicians should be 
reluctant to consider weight loss with dietary measures alone if the desired outcome is 
improvement in physical performance, although combining weight loss and exercise results 
in maximum improvement in physical function and could mitigate the concern of potential 
sarcopenia and bone loss in older adults. In the studies with a diet-only or control arm that 
did not have any resistance exercise program, findings highlight the emergence of sarcopenia 
and bone loss, an important yet overlooked phenomenon of geriatric obesity interventions. 
Dietary weight loss leads to loss of fat mass and fat-free mass. These trials demonstrate the 
importance of unopposed weight loss in this population. Sarcopenia progresses with age, 
and older adults have lower compensatory capacity to offset the loss of muscle mass and 
strength that may hasten functional impairment and incident disability11, 33, 34. Clinicians 
should evaluate each person individually and focus on wellness and prevention of sarcopenia 
and bone loss when recommending weight-loss therapy. The benefits of intentional weight 
loss observed might not apply to those whose weight loss is unintentional and should be 
monitored in the course of practice.
This review highlights critical concerns in examining and addressing obesity in older adults. 
First, high-quality RCTs are needed. Second, longer follow-up and effectiveness trials will 
clarify sustainability and outcomes of these interventions, which are related to geriatric life 
expectancy. Shared decision-making should be integrated into patient encounters. Third, 
pragmatic approaches are critically needed within a primary care infrastructure to manage 
this disorder. None of the studies tested interventions in primary care, arguably the most 
common setting for individuals to receive chronic disease management, although each study 
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intervention was labor intensive, and participants engaged in behavioral change through 
nutritional and physical activity approaches. Hence, their implementation within a primary 
care or specialty setting may be challenging and face obstacles. Fourth, consensus is needed 
to standardize the structure of geriatric obesity interventions. Combined diet and exercise 
strategies, consisting of caloric reduction of at least 500 kcal/d, with appropriate protein and 
dietary supplementation and resistance exercise, may prevent sarcopenia and bone loss, 
which are associated with worse function9.
Pharmacological and surgical therapy were deliberately not assessed. Newer medications 
should be used with caution in older adults because they have considerable neuropsychiatric 
side effects, including memory impairment. These side effects may exacerbate underlying 
and compensated cognitive function in an age group already at risk of this condition. 
Bariatric surgery is an approved therapy for obesity, but the literature remains unclear as to 
its general benefits in adults aged 65 and older35, although emerging long-term mortality 
benefits have been reported36. Careful selection of older eligible adults undergoing an 
evaluation has been recommended37. The definition of obesity in older adults is debated 
extensively38. Measures that could be performed practically and economically in a clinical 
care setting such as BMI and WC were intentionally chosen. The specificity and sensitivity 
of these measures differ from those of body composition measures assessed using computed 
tomography, dual-energy X-ray absorptiometry, or magnetic resonance imaging, which 
cannot be reasonably performed on a population level. A BMI cutoff of 30.0 kg/m2 is a well-
established cutoff in defining obesity and is used to identify older adults eligible for the 
Medicare Intensive Behavioral Therapy benefit13. It is also associated with greater risk of 
death3, 15. A number of subjects classified as overweight were eliminated from this review 
who would not only be eligible for treatment if they were younger8, but otherwise might 
have adiposity based on other assessment measures38. Using WC may be reasonable and 
helpful in recognizing persons with normal central obesity who may have different 
underlying treatment and weight-loss strategies and provides a rationale for including such 
subjects in further study. There is also strong epidemiological evidence suggesting that a 
BMI of 25.0 to 29.9 kg/m2 is associated with low mortality and functional impairment in 
older adults who otherwise would not be at high risk of death after weight-loss therapy39, 40. 
BMI also incorporates fat and muscle mass, and relying solely on this measure ignores 
sarcopenia, sarcopenic obesity, and normal-weight obesity33, 41.
Interventions focusing on obesity in the general population are often short in duration, and 
the current results suggest that this is not an exception in older adults. Most weight-loss 
studies, such as the Diabetes Prevention Program42 or Action for Health in Diabetes43, have 
demonstrated initial weight loss within the first few months; the physiology and 
management actually differ in the weight maintenance phase. With the exception of one 
study identified in this review,9 all were of short duration. The shorter study duration raises 
considerable interest because it is likely that short-term outcomes improved, but whether 
they were sustained is unclear. Studies of 6 months or longer that concentrated specifically 
on sustained efficacy treatment trials, in accordance with the recommended weight loss 
guidelines,8 were deliberately focused on. Future studies need to examine long-term follow-
up in this population.
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The strengths of this review include the use of the PRISMA criteria, which reduces bias and 
error and improves the reproducibility and transparency of the process. The review 
emphasizes the importance of empirical evidence over preconceived knowledge by 
identifying knowledge gaps and highlighting methodological inconsistencies and 
weaknesses. A validated and systematic approach using validated PRISMA criteria with the 
assistance of an interdisciplinary team that includes experienced librarians increases the 
validity of the process. Screening was piloted to ensure consistency. The results were useful 
in identifying future research priorities. Availability of data and quality of the original 
reports inherently limit literature reviews. Incomplete reporting and negative trials are likely 
to be subject to reporting bias and may not be published. A priori, the authors were aware of 
the clinical heterogeneity observed in the known randomized trials and systematic reviews. 
The current results confirmed considerable methodological heterogeneity as well, so it was 
decided not to perform a metaanalysis. Although the data were diverse, in addition to weight 
loss, outcomes that were person-specific and meaningful in an aging population were 
focused on. Observational studies were deliberately not included to preserve validity. 
Considerable information can be concluded from well-conducted observational studies, 
although selection bias is unavoidable in this type of design. Therefore, results cannot be 
used to definitively support conclusions about obesity interventions based on the outcomes 
observed in this review. Individuals whose group mean age was 65 and older were included, 
and studies with subjects younger than 60, which have been included in previous systematic 
reviews, were omitted2, 17–20, 23. Middle-aged individuals have different physiology and 
homeostasis and should be considered differently. Lastly, publication bias may affect the 
number of studies included in this study. Including studies with participants aged 60 to 64 
also may be perceived as a limitation of this analysis.
CONCLUSION
Although there were a limited number of high-quality studies to support geriatric obesity 
interventions, current RCTs suggest that a reduction in weight can lead to improvements in 
physical function and quality of life. Body composition changes such as loss of fat mass and 
preservation of fat-free mass are favorable, particularly when resistance exercise programs 
are integrated into a program of caloric restriction. Well-designed RCTs are needed in this 
high-risk population to provide definitive guidance in a clinical care setting.
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Flow diagram of study selection process for systematic review. aEight existing systematic 
reviews on the topic of behavioral weight loss in obese older adults before the review 
process were identified, and their bibliographies accounted for 145 articles (accounted for in 
the flow diagram as “additional records identified through other sources”). Duplicates from 
these 145 articles (n=14) were accounted for in box “Full-text articles excluded.”
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